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ABSTRACT

The ratio r = Tmax/Tmin of the maximum to the minimum
exospheric temperature considered on a global scale was derived
by means of static models using the densities obtained from the
atmospheric drag of three low-inclination satellites. It is found
that r varies with the solar cycle, lagging more than a year be-
hind the variations of the 10. 7-cm solar flux; on the other hand,
the variations of r are in phase with R-p’ which is obtained by
averaging the planetary geomagnetic index Kp over the whole
year. The obvious conclusion is that in the mechanism of the
diurnal temperature variation in the thermosphere, the solar
wind is at least as important as, if not more important than,
solar EUV. No appreciable lag is found in the variation of the

minimum nighttime temperature when compared with the varia-

tions of the 10.7-cm solar flux.
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RESUME

A l'aide de modeles statiques employant les densites
obtenues a partir du ralentissement, du a l'atmosphere, de
trois satellites a faible inclinaison, on déduit le rapport
r =T /T . du maximum et du minimum de la température

max’ min -
exosphérique, considérée sur une echelle globale. On a trouve
que r varie avec le cycle solaire, etant en retard de plus d'une
année sur les variations du flux solaire a 10,7 cm; d'un autre
c6té les variations de r sont en phase avec Ep’ qgui est obtenu
en prenant la moyenne de l'indice gécmagnétique planétaire K
sur toute l'annee. La conclusion evidente est que le vent
solaire est au moins aussi important, sinon plus important, que
1'UVE solaire dans le méchanisme de la variation de la tempéra-
ture diurne dans la thermosphére. Nous n'avons pas trouvé de
retard appréciable dans la variation de la température nocturne
minimum guand on la compare avec les variations du flux solaire

~

a 10,7 cm.

KOHCIIEKT

OTHOmWEHUE r = &aKdWMMHMaKCMMaHEHOﬁ TeMIepaTypH 3K30chepH
K MUHUMSJIBHOR mO TnofaibHOW mKasie OHJIO MOJYUEHO IPU IIOMOIHK
CTATUUHHX MOTEeNell, UCIONb3YyKHMIUX TJIOTHOCTU, BHUUCIEHHHE U3
aTMOCHEPHOTO JIOGOBOTO CONPOTUBRIEHUSA TPeX HUSKO-3AMIYHEHHHX
CHyTHUKOB. OOHapyXeHO UTO r 3aBUCWUT OT COJNHEUHOTO Oo6pameHus,
orcrasasa 60lee, UeM Ha TOI OT UBMEHEHUN COJHEUHOTO MOTOKAa B
10,7 cM; Cc OPYyTO#l CTOPOHH, N3MCHEHNA T coBIamawnT 1o dase cC

Rp, KOTOpOEe IOJIyUEHO IIyTeM yCepeDHEHUS IJIaHeTapHOTO TEeOMaTHUT—
HOTO KHIEKCca Kp 3a rox. OueBuImeH BHBOI UTO B MEXaHW3Me MOHEBHOTO
usMeHeHnsa Tepmocdeps CONHEUHHN BeTep, [0 KpallHell mepe, TakKke
BaxXeH, eCJIV He BaxXHee, COJNHeuHHX EUV. BHIO OOHaPYXKEeHO Hes3HAUU—
TeJbHOE OTCTAaBaHUE B U3MEHEHUN MUHUMAJILHOW HOUHOW TeMIepaTyph

B CPaBHEHUUM C M3MEeHEeHUeM COJNHeuHOro mnotoka B 10,7 cu.
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SOLAR-WIND DEPENDENCE OF THE DIURNAL TEMPERATURE
VARIATION IN THE THERMOSPHERE

Luigi G. Jacchia

It was pointed out long ago (Jacchia, 1961) that the range of the diurnal
density variations in the upper atmosphere derived from satellite drag can
be approximated by assuming that the ratio r = TmaX/Tmin of the maximum
to the minimum exospheric temperature considered on a global scale is a
constant; with use of Nicolet's (1961) static models, a value of 1. 35 was
derived for this constant. The constancy of r is, of course, only an
empirical approximation that cannot be expected to hold rigorously. As a
matter of fact, it was later found (Jacchia and Slowey, 1968) that in the time
interval from 1958 to 1966, r underwent appreciable variations that appeared
to be only loosely related to the solar cycle. Although there seemed to be a
general tendency for r to be smaller at sunspot minimum than at sunspot
maximum, no justification on the basis of solar activity could be found for

a remarkable drop in the value of r that occurred in 1963, when solar

activity was practically at its minimum.

Recent observations show that r recovered in 1967. A plot of all the
values of r derived from three low-inclination satellites is shown in Figure 1.

The temperatures used in computing r were derived with the aid of new

This work was supported in part by grant NGR 09-015-002 from the National
Aeronautics and Space Administration.
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Figure 1. Individual values of the ratio T /T in the diurmnal
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temperature variation (lower section) compared with the

smoothed 10. 7-cm solar flux flo 7 (upper section) and

with the curve of r computed from —Kp by equation (1).



atmospheric models prepared by the author for the forthcoming revision of
the COSPAR International Reference Atmosphere (actually, it makes very
little difference whether one or another set of models is used). The temper-
atures were corrected to account for the day-to-day solar activity effect and
the semiannual variation and were reduced to quiet geomagnetic conditions

10.7

mately three solar rotations is shown in the upper half of Figure 1. A com-

(Kp = 0). A curve of F the 10. 7-cm solar flux smoothed over approxi-

parison of this curve with the observed values of r shows that the variation of
the latter lags behind the solar-flux curve by more than a year (about 2 years
during the declining phase of the solar cycle and about a year during the

rising phase).

As is well known, the 10.7-cm solar flux is in phase with the variation
of the sunspot numbers and sunspot areas (Ward and Shapiro, 1962) and is
generally believed to be a good second-hand index of the integrated EUV
emission from the solar disk. There is an excellent correlation between the
nighttime minimum of the exospheric temperature and the 10. 7-cm solar flux,
which has generally been interpreted as indicating that solar EUV is mainly
responsible for the heating of the thermosphere. If the diurnal temperature
variation were caused only by the change of illumination by the solar EUV
source owing to the earth's rotation, the variation of the ratio r should be
in phase with the variation of solar FUV and therefore with the 10. 7-cm
solar flux; a lag of 1 year or more would be impossible to justify on the
basis of this hypothesis. However, a lag of 1 year or more behind solar
activity does exist, as is well known, in the variation of geomagnetic activity,

owing to the change in heliographic latitude of active areas in the course of



the solar cycle. A plot of the ratio r against 365-day running means K
of the planetary geomagnetic index Kp computed at 100-day intervals shows a

rather satisfactory relation (Figure 2). The correlation coefficient between r and

Kp is 0.73, as compared with 0. 59 in the correlation between r and _]s:lo 7¢
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Figure 2. Values of T
max

line is from equation (1).

/Tmin plotted against Kp. The regression

The reason for taking 365-day running means of Kp is that by doing so
we eliminate the semiannual increase in Kp around the equinoxes. By least

squares we obtain the following linear correlation:



r= 1.134 + 0.090 KP

£0.031 £0.014 (S.D.) . (1)

The curve of r computed by equation (1) is shown in the lower half of Figure 1.

A lag of about 1 year behind the F curve is quite evident, as well as a
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fair agreement with the observed variation of r.

The obvious conclusion that, however reluctantly, must be drawn from
the relation between r and KP is that in the mechanism of the diurnal temper-
ature variation of the thermosphere and exosphere, the solar wind is at least
as important as, if not more important than, solar EUV. This hypothesis
is not entirely new: it was already invoked by Harris and Priester (1962)
to explain the discrepancy between the actual diurnal variation and the
theoretical variation they obtained using solar EUV as the sole best source.

In view of the uncertainties and oversimplifications in the theory, however,
their introduction of an ad hoc second source out of phase with the EUV source

is generally regarded as not physically meaningful.

It is interesting to note that no lag is evident in the relation between the
minimum night temperature Tmin and the 10.7-cm solar flux. Figure 3
shows values of Tmin (reduced to quiet geomagnetic conditions, Kp = 0, just
as were the maximum temperatures Tmax used for the computation of r)
derived from the drag of the Explorer 1 satellite., Only one satellite was
selected, to ensure greater uniformity in the data. Dots indicate data from
the declining phase of solar activity, before the 1964 minimum; data from the

rising phase after mid-1964 are marked as open circles. As can be seen, the
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data from the declining phase and those from the rising phase agree without
any appreciable systematic difference. Clearly, if there is a phase lag in
the daytime temperatures, there must also be some lag in the nighttime
temperatures; it appears, however, that the lag in the nighttime temperatures

is much smaller, to the point where it cannot be detected.

The dependence of r on Rp rather than on —i‘lo. 7 Pposes the problem of
a practical nature in the analysis and prediction of atmospheric densities by
means of models, because Rp can be obtained only with a delay of nearly
a year. For the reduction of current atmospheric data, it may be preferable

to compute r by use of F with a suitable lag. We find that the formula

10.7
_ = d
r—O.81+O.2510gF107(t-400) (2)
. . . = d = . .
is quite satisfactory; FlO 7 (t - 4007) stands for FlO 7 at the time t minus

400 days.
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NOTICE

This series of Special Reports was instituted under the supervision
of Dr. F. L. Whipple, Director of the Astrophysical Observatory of the
Smithsonian Institution, shortly after the launching of the first artificial
earth satellite on October 4, 1957. Contributions come from the Staff
of the Observatory.

First issuedtoensure the immediate dissemination of data for satel-
lite tracking, the reports have continuedto provide a rapid distribution
of catalogs of satellite observations, orbital information, and prelimi-
nary results of data analyses prior to formal publication in the appro-
priate journals. The Reports are also used extensively for the rapid
publication of preliminary or special results in other fields of astro-
physics.

The Reports are regularly distributed to all institutions partici-
pating in the U. S. space research program and to individual scientists
who requestthem from the Publications Division, Distribution Section,
Smithsonian Astrophysical Observatory, Cambridge, Massachusetts
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